Background: Biologic therapy is effective for treatment of moderate-to-severe psoriasis but may be associated with an increased risk for serious infection.
P
soriasis is a chronic, immune-mediated skin disease associated with considerable morbidity that afflicts 2% to 3% of the general population. [1] [2] [3] Patients with moderate-to-severe psoriasis have traditionally been treated with systemic antiproliferative or immunosuppressive agents. More recently, biologic agents, including tumor necrosis factor-a (TNF-a) inhibitors, interleukin Serious infection, defined as an infection that that requires hospitalization and treatment with systemic antibiotics, can cause substantial morbidity and mortality. Although there is an established association between serious infections and use of biologics in patients with other autoimmune conditions, evidence of this relationship in patients with psoriasis who are using biologics has been disputed. [7] [8] [9] [10] A recent meta-analysis revealed no increased risk for serious infection, whereas a prospective cohort study observed a significantly increased risk for serious infection with specific biologic agents. 11, 12 The contradictory results may be a result of data aggregation from multiple locations, inadequate follow-up time and sample size, variable exclusion criteria, and inconsistent definitions of serious infection. To address these concerns, we analyzed these events in patients with newly diagnosed psoriasis in a real-world, integrated practice setting with the longest follow-up time to date of any study, together allowing for greater accuracy in data capture and increased likelihood of recording these rare, but serious events. Using data from a large cohort of patients with moderate-to-severe psoriasis treated systemically within an integrated community-based health care system, we have estimated the serious adverse infectious event incidence rate (IR) and adjusted hazard ratio (aHR) among subjects during periods of treatment with a biologic agent, treatment with a nonbiologic agent, and no active systemic treatment.
METHODS

Study setting and population
Kaiser Permanente Northern California (KPNC) is a prepaid, comprehensive, integrated care delivery system that maintains computerized data of all visits, procedures, pharmacy-dispensed medications, and other medical goods and services to its 3.9 million members, representing 35% of the insured population in Northern California. 13 The study population included all KPNC health plan members 18 years or older with a diagnosis of psoriasis (defined as having an outpatient dermatologistrendered visit coded with the International Classification of Diseases, Ninth Revision, diagnosis code 696.1) between January 1, 1998, and December 31, 2011, and treated with a systemic agent for psoriasis after diagnosis during the study period. For each subject, the index date was defined as the date on which the member filled a prescription for a systemic agent used to treat psoriasis. At least 12 months of health plan enrollment before the index date was required for study inclusion. Members with the following disease codes in the 365 days before their index dates were excluded: solid organ or autologous bone marrow transplantation, HIV infection, advanced kidney or liver disease, or prior cancer diagnoses (excluding nonmelanoma skin cancer). Patients were followed from their index date until the first occurrence of (1) serious infection; (2) loss of health plan membership; (3) newly diagnosed advanced kidney or liver disease, cancer (excluding nonmelanoma skin cancer), or HIV; (4) solid organ or autologous bone marrow transplant; (5) death; or (6) end of the study period (December 31, 2012). The study was approved by the Kaiser Foundation Research Institute institutional review board.
Data sources
Medication data included the date of the dispensed medication or infusion, route, dose, quantity dispensed, and number of days supplied. Infusions of infliximab were considered equivalent to a 56-day supply, rituximab to a 180-day supply, and other injected or infused drugs to a 30-day supply.
Definition of psoriasis treatment episode
For each individual, we extracted data on all dispensed medications and infusions for oral, intravenous, and intramuscular biologic and nonbiologic agents during the study period. The following agents were classified as biologic treatments: adalimumab, etanercept, infliximab, ustekinumab, golimumab, certolizumab, tocilizumab, abatacept, anakinra, and rituximab. The following
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J AM ACAD DERMATOL VOLUME 77, NUMBER 5 agents were classified as nonbiologic treatments: methotrexate, retinoids, cyclosporine, hydroxyurea, mycophenolate mofetil, sulfasalazine, and thioguanine. Per study protocol, we were unable to examine individual drugs, only drug categories. Drug exposure was calculated under an assumption of prescription adherence, so that drug use equaled the day supply variable of the dispensed medication; refilled medication was equated to drug use after completion of the prior course. To allow for possible noncompliance and varied half-lives of the drugs of interest, treatment gaps of up to 90 days were overlooked and 90 days was added to the end of each drug exposure episode.
Baseline risk factors
Baseline risk factors were assessed in the year before index and were derived from vital signs, medication use, procedures, diagnoses (International Classification of Diseases, Ninth Revision, and Current Procedural Terminology codes), and results of laboratory tests. Baseline measures were body mass index, dyslipidemia, hypertension, tobacco use, coronary artery disease, and diabetes.
Outcomes
The following serious infection outcomes were assessed: sepsis, pneumonia, skin and soft tissue infections (SSTIs), meningitis, and renal/urinary tract infections. Serious infections were defined as inpatient hospitalizations accompanied by a diagnosis of 1 of the aforementioned infections with use of parenteral antibiotics.
Statistical analysis
IRs for the first occurrence of a serious infection were calculated for current use of biologic agents, current use of nonbiologics, and current nonuse of systemic treatment. Hazard ratios were calculated using Cox proportional hazards regression models, aHR, Adjusted hazard ratio; CI, confidence interval; HR, hazard ratio; IR, incidence rate; KPNC, Kaiser Permanente Northern California. *Adjusted for age, sex, race, baseline BMI, coronary artery disease, diabetes, dyslipidemia, hypertension, and cigarette use. y Follow-up years. z Incidence rate per 1000 person years. Events were attributed to biologics if the event occurred during a period when the patient was considered to be using a biologic medication (with or without concurrent use of nonbiologic psoriasis treatment medications). Events were attributed to nonbiologics if the event occurred during a period when the patient was considered to be using nonbiologic psoriasis treatment medication (without concurrent use of biologics). Events were attributed to ''no treatments'' if the event occurred during a period when the patient was not actively prescribed a biologic or nonbiologic agent.
x Nonbiologics versus no systemic treatment. Incidence rate is for the first occurrence of any of the outcomes; thus, the number of events in each category may not equal the sum of the total number of events.
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accommodating right-censoring. aHRs were calculated by including the following covariates: age, sex, race, and baseline risk factors. Systemic treatment was handled as a time-dependent covariate in regression models, capturing whether the patient was exposed to biologics (with or without concurrent use of nonbiologics), nonbiologics only, or nonsystemic medication on each day of follow-up. Table I shows the baseline demographic characteristics of cohort members who were exposed to any biologic as compared with those that were treated with only nonbiologics. Persons ever exposed to a biologic were more likely to be younger, male, and Hispanic and less likely to be black than were persons never exposed to biologics (P \ .01). Users of biologics had a statistically significantly longer duration of disease (2.96 years) before the start of systemic therapy as compared with users of nonbiologics (2.45 years). Users of biologics were less likely to have coronary artery disease. Table II summarizes the serious infection IRs during the time when persons were (1) exposed to biologics, (2) exposed only to nonbiologic systemic therapies, and (3) not being actively treated with systemic therapy. The point estimate for the overall IR per 1000 person-years for serious infections was lower among patients with psoriasis who were being actively treated with a biologic agent (IR, 16.3; 95% confidence interval [CI], 13.2-19.3) than among those undergoing nonbiologic therapy (IR, 17.9; 95% CI, 15.3-20.4). However, aHRs (Fig 1) revealed a statistically significant difference in overall serious infection rates between persons receiving biologics and persons receiving nonbiologics (aHR, 1.31; 95% CI, 1.02-1.68). Examining subclasses of serious infections demonstrated a statistically significant difference between persons using biologics and persons receiving nonbiologics for SSTIs (aHR, 1.75; 95% CI, 1.19-2.56) and meningitis (aHR, 9.22; 95% CI, 1.77-48.10). There was no significant difference in pneumonia, sepsis, or renal/urinary tract infection when time using a biologic and time not using a biologic were compared.
RESULTS
DISCUSSION
In this large cohort study of systemically treated patients with psoriasis in a real-world, communitybased setting, we have shown that there is an overall increased risk for serious infection while undergoing biologic therapy compared with when undergoing nonbiologic therapy. This increased risk for serious infection was driven primarily by SSTIs, as patients with psoriasis who were actively taking biologics had a 75% increased risk for development of SSTIs compared with users of nonbiologics. An increased risk for meningitis among users of biologics was also observed. However, these results are based on only 7 patients with meningitis, yielding unstable regression estimates, wide confidence intervals, and the inability to adjust for potential confounders. Thus, the meningitis results must be interpreted with caution.
Biologic therapies principally work by blocking specific cytokines, influencing T-cell activation and differentiation, or depleting disease-causing B cells, and such immunomodulation may increase serious infection risk. 14 The relationship between serious infection and biologics is established in patients with rheumatoid arthritis and Crohn's disease, with estimated infection estimates ranging from 1.1% to 5.6% and 4% to 4.9%, respectively. [8] [9] [10] 15 However, previous epidemiologic studies on infectious outcomes in patients with psoriasis who were receiving biologics have yielded conflicting results. 11, 12, [16] [17] [18] [19] [20] A large, prospective cohort study discovered an elevated risk for serious infection (most commonly cellulitis and pneumonia) with the TNF-a inhibitor adalimumab compared with systemic retinoid and/or phototherapy, but this increased risk was not observed in biologic-naive subjects. 12 In contrast, meta-analyses of several registries found no increased risk for serious infection with biologics. 11, 21 A possible explanation for this difference is that the former study had a less restrictive definition of serious infection (ie, patients did not need to be hospitalized), which may have captured more adverse events. With regard to SSTIs, patients with psoriasis develop serious cellulitis infections at 3 times the rate at which patients without psoriasis develop them. 22 Data from our study suggest that biologics lead to an additional increased risk for SSTIs, a finding previously established in patients with rheumatoid arthritis. 8 The specific increase in SSTIs is suggestive of unique roles of TNF-a and the other cytokines inhibited by biologics in the cutaneous immune environment. Specifically, TNF-a mediates inflammatory cell recruitment to the skin and directs antigenpresenting Langerhans cells from the epidermis to draining lymph nodes. Thus, there is a known mechanism of action that could explain our findings, namely, that inhibition of TNF-a could lead to increased risk for cutaneous infections.
Major strengths of this study included both the study population, which was large with a long follow-up time (29,717 person-years of follow-up) and racially and ethnically diverse, and the study setting, which was a real-world integrated health care delivery system with the ability to accurately and completely capture serious adverse infectious outcomes that had stringent definitions and were restricted to incident disease, thus minimizing overestimation of risk. The study findings may not be generalized to uninsured populations or patients with psoriasis with significant comorbid conditions. However, many patients with significant comorbid conditions would not be good candidates for biologic therapy and would likely have higher rates of serious infection. 23 We also did not have specific measures of psoriasis severity and utilized systemic therapy prescriptions as a proxy for moderate-tosevere disease, but this definition has been successfully used in prior work. 24 Another strength of this study is that dispensation of medication was well documented, although we did not have self-reported utilization. Given that KPNC is a prepaid system with comprehensive health care delivery, health plan members were unlikely to receive inpatient care or fill prescriptions outside the system. 25 Protocol and institutional limitations precluded investigation of individual drug effects, which is a topic for future investigations. 12, 17, 18, 26, 27 In summary, our findings suggest that in systemically treated psoriasis, use of a biologic compared with use of a nonbiologic increases the risk for overall serious infections, and more specifically SSTIs. Although the risk for meningitis was also increased, the number of events in this study was low. Patients with an underlying increased risk for SSTIs, such as persons with diabetes, peripheral vascular disease, and obesity may benefit from increased counseling about the risk for SSTIs. Dermatologists may want to discuss these increased risks with their patients with psoriasis, counsel them about early signs of infection, and monitor them for SSTIs during the course of their biologic therapy.
